Data on the effects of dipeptidyl peptidase-4 (DPP-4) inhibitors on fracture risk are conflicting. Here, we performed a systematic review and meta-analysis of randomized controlled trials (RCTs) assessing the effects of DPP-4 inhibitors. Electronic databases were searched for relevant published articles, and unpublished studies presented at ClinicalTrials.gov were searched for relevant clinical data. Eligible studies included prospective randomized trials evaluating DPP-4 inhibitors versus placebo or other anti-diabetic medications in patients with type 2 diabetes. Study quality was determined using Jadad scores. Statistical analyses were performed to calculate the risk ratios (RRs) and 95% confidence intervals (CIs) using fixed-effects models. There were 62 eligible RCTs with 62,206 participants, including 33,452 patients treated with DPP-4 inhibitors. The number of fractures was 364 in the exposed group and 358 in the control group. The overall risk of fracture did not differ between patients exposed to DPP-4 inhibitors and controls (RR, 0.95; 95% CI, 0.83-1.10; P = 0.50). The results were consistent across subgroups defined by type of DPP-4 inhibitor, type of control, and length of follow-up. The study showed that DPP-4 inhibitor use does not modify the risk of bone fracture compared with placebo or other anti-diabetic medications in patients with type 2 diabetes.
Subgroup analysis according to drug type. Subgroup analysis was performed to determine whether drug type had an effect on the RR of fracture with DPP-4 inhibitors. The RR of fracture with individual DPP-4 inhibitors was 0.79 (95% CI: 0.55-1.13, P = 0.19) for alogliptin (seven trials with 12,085 individuals, enrolling 53 patients with fracture in the experimental group and 61 patients with fracture in the control group), 1.25 (0.66-2.38, P = 0.50) for linagliptin (13 trials with 7638 individuals, enrolling 23 patients with fracture in the experimental group and 10 patients with fracture in the control group), 1.03 (0.87-1.22, P = 0.73) for saxagliptin (nine trials with 21,877 individuals, enrolling 266 patients with fracture in the experimental group and 248 patients with fracture in the control group), 0.66 (0.41-1.06, P = 0.08) for sitagliptin (27 trials with 17,907 individuals, enrolling 17 patients with fracture in the experimental group and 35 patients with fracture in the control group), 4.16 (0.22-78.51, P = 0.34) for anagliptin (one trial with 108 individuals, enrolling three patients with fracture in the experimental group and 0 patients with fracture in the control group) and 0.47 (0.13-1.78, P = 0.27) for vildagliptin (five trials with 2591 individuals, enrolling two patients with fracture in the experimental group and four patients with fracture in the control group). There were no statistically significant differences in the risk of fracture between individual DPP-4 inhibitors (P = 0.22) ( Table 2) . The evidence quality was moderate to high (Table S2) .
Subgroup analysis according to duration. Given the potential effect of duration of treatment on the association of DPP-4 inhibitors with risk of fracture, we performed a subgroup analysis stratified according to the length of follow-up. For a duration of ≥ 52 weeks with 41,641 participants, no statistically significant difference was observed between patients in the DPP4i and control groups (RR = 0.98, 95% CI, 0.84-1.13, P = 0.75), including 662 patients with fracture (332 in the experimental group and 330 in the control group). No significantly increased risk of fracture was observed for a duration of < 52 weeks with 20,565 participants (RR = 0.78, 95% CI, 0.51-1.21, P = 0.28) including 60 patients with fracture (32 in the experimental group and 28 in the control group). There were no statistically significant differences in the risk of fracture according to the length of follow-up (P = 0.35) ( Table 2 ). The evidence quality was moderate to high (Table S2 ).
Subgroup analysis according to control regimen. Investigation of the effect of inhibitors according to the type of control (active treatment vs. placebo) did not suggest apparent differences (P = 0.76). In trials using active drug for comparison with 16,773 participants, the RR was 0.88 (95% CI: 0.56-1.39, P = 0.58), including 59 patients with fracture (24 in the experimental group and 35 in the control group). In trials using placebo for comparison with 47,953 participants, the RR was 0.95 (95% CI: 0.82-1.10, P = 0.48), including 674 patients with fracture (340 in the experimental group and 334 in the control group) ( Table 2 ). The evidence quality was moderate to high (Table S2) .
Risk of specific fractures. Individual specific and non-specific fractures were listed in Table S3 . There was no significant difference between the two groups in the incidence of specific fractures.
Publication bias.
No evidence of publication bias was detected for the RR of fracture in this study ( Figure S1 ).
Discussion
The effects of DPP-4 inhibitors on bone fractures in type 2 diabetes patients have not been well documented.
Here, we performed an updated meta-analysis to provide a summary of current data. Analysis of 62 RCTs demonstrated that the use of DPP-4 inhibitors does not affect the risk of bone fracture compared with placebo or other antidiabetic medications in patients with type 2 diabetes. The results were consistent across subgroups defined by type of DPP-4 inhibitor, type of control, and length of follow-up. Our results were in line with a recently published retrospective population-based cohort study that examined 216,816 patients and suggested that DPP-4 inhibitors were not associated with fracture risk compared with controls or other NIADs 9 . Our study was inconsistent with that of Monami et al. 8 , which showed a 40% reduction of fracture risk in DPP4-I users compared with patients taking other anti-diabetic drugs or placebo [24] [25] [26] . However, the positive effect observed in this study could be related to the limited number of trials included in the analysis. Compared with the study by Monami et al. 8 , our study has several strengths. First, we collected data from 62 randomized trials (N = 62,206), which together involved approximately three times as many patients as those included in the study by Monami et al. (N = 21,055 ) 8 . Second, we explored sources of heterogeneity with three priori subgroup hypotheses and the results remained robust.
Out results were largely influenced by a large RCT (N = 16,492) that compared saxagliptin with placebo and showed that the incidence of bone fracture was comparable between saxagliptin and placebo users 16 . However, the results remained robust after omitting that trial.
Glucagon-like peptide-1 (GLP-1) has been suggested to have a beneficial effect on bone 27, 28 . The enzyme DPP-4 is involved in the degradation of GLP-1, and DPP-4 inhibitors are able to inhibit this process 9 . However, a recent meta-analysis highlighted that the use of GLP-1 receptor agonists does not modify the risk of bone fracture in patients with type 2 diabetes compared with the use of other antidiabetic medications 29 . Moreover, a recent in vivo study showed that MK-0626, a DPP-4 inhibitor, had neutral effects on cortical and trabecular bone in an animal model of type 2 diabetes, and MK-0626 did not alter osteoblast differentiation 30 . Thus, bone quality may be more important than bone density in predicting the increased risk for fractures in patients with type 2 diabetes 31 .
The present meta-analysis had several limitations. First, the duration of the trials included was not long enough to analyze the effects of DPP-4 inhibitors on the risk of bone fracture. We performed a subgroup analysis according to duration (≥ 52 weeks vs. < 52 weeks) and found that the risk of fracture in different length of follow up were not significantly different. Second, fractures were not the primary endpoints in any of the included trials and were reported only as serious adverse events. Finally, no data could be obtained about gender and menopausal status. Therefore, trials with a longer follow-up duration and bone fracture as the primary endpoint are needed to further investigate the effects of DPP-4 inhibitors on fracture risk. In summary, the current analysis suggested that the use of DPP-4 inhibitor does not decrease the risk of fracture in patients with type 2 diabetes. Given the negative effects of certain anti-diabetic drugs on bone, the results of the present study may be disappointing; however, a neutral effect on bone is still reassuring. author's name, year of publication, study design, sample size, number of treatment groups, length of follow-up, mean age, and registry number. In addition, for trials in which fracture data had not been published previously, the investigators abstracted the relevant numbers from their previously established databases of adverse events. The quality of included trials was assessed using the Jadad score 32 , which was only used for descriptive purposes. Any discrepancies in abstracted data between the reviewers were resolved by a third reviewer (Z.Z.).
Data analysis.
The meta-analysis was performed following the PRISMA checklist 33 . The main outcome was bone fracture reported as a serious adverse event. Trials were pooled using the Mantel-Haenszel method to calculate RRs and their 95% CIs. P < 0.05 was considered significant. For studies reporting zero fracture events in a treatment or control arm, a classic half-integer continuity correction was used to calculate the RR and variance. Heterogeneity between studies was assessed by using the χ 2 test and the I 2 statistic. Selection of the fixed-or random-effects model depended on the result of the Cochrane's Q test. An I 2 value of 50% was considered to indicate significant heterogeneity between trials 34 . A fixed effects model was applied if there was no statistical heterogeneity among the studies; otherwise, the random effects model was used 34 . Pre-defined subgroup analyses were performed for trials that included different types of DPP-4 inhibitors (alogliptin, linagliptin, saxagliptin, sitagliptin, anagliptin, and vildagliptin), different types of control (active treatment vs. placebo), and different lengths of follow-up (≥ 52 weeks vs. < 52 weeks). Finally, publication bias was evaluated through funnel plots. Meta-analyses were performed using Review Manager 5.1 software. The criteria of the Grading of Recommendations Assessment, Development and Evaluation were used to evaluate the quality of evidence by outcome. Table 2 . Risk ratio of fracture by subgroup analyses. NA, not applicable.
